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MATERIALS AND METHODS FOR THE PRODUCTION AND PURlFlCATtON 

^ CmX>ROPLUOROCARB0NSANDHYDRqFLUOROCARB0NS 

FIELD OP INVENTION 
The present invention is directed to producdon methods, as well as. syniheiie and 
sepafatjon methods. More particularly, the prescnc invention is directed to mothodi for ' • 
manufacturing selective isomers of chlorofluotocarbons and hydrofluorocarbonj; from 
10 aliphatic, olefinic or partially haJogenated hydrocarbons. 

BACKGROUND OP THE INVENTION 
Since the beginning of global warming concems. chJorofluoiocarbon 
manufacturers have had to produce compounds th« perform substantially xhe same as ftilly 
halogemitedchlorofluorocarbons without the adverse enviroiimeDtal impact. .OiUythrough 
the mtroducdon of these new compounds have their environmental impact been 
completely understood. In certain instances, some of these new compounds have beeli 
leinoved from the rnarketplace. These types of issues make the flooding agent, 
extingujshant, propellant and refrigerant production industry a dynairJc and ever^hangin- 
marketplace where' processes for the production of chiorofluorocarbons and fluoVocarbbns" 
are advancing quickly to accommodate both environmental as well as economical 
requirements. 

Some useful compounds in this area include both saturated and unsaturated 
fluorocarbons. such as l.I,1.2.3.3>heptaf3uoropropane (CFj^FH-CFa. HPC.227ea). 

l.l.l,2.2.3.3.heptafliioiopn5pane(CF3-CF2-CHF.,HFC.227ca)aiidhexafluoro^^^ 
Chexafluoropropylene. HFP. CP,^=CF,. FC-1216). One well known method of 
synthesizing these compounds begins with the chlon,fluoriT,ation of propane, propylene or 
pamally iialogenated C-S hydrocarbons with hydrogeii fluoride (HF) and chlorine (Cl^) in 
the presence of a metal^ontaining solid catalyst. Examples of this chlon,fluorinatlon step 
can be found in U.S. Patents 5.057.634 and5.043.49l to Webster. As taught by Webster, 
the chlorofluorination step produces a number of saturtted perhalogenaied 
chlorofluorocarbons, ittcluding; (A) C3CI5F3: (B) CjCUP,; (C) CaClsFj; (D) • 
1.2-dichIorqhexafIuoropropane (CFa-CClF-CClFa. CFC-2l6ba); (E) 2.2- 
cUchloroh<aafluoropropane (CP3-CCI2-C3F3, CFC.216aa); (F) 1- 
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Scill imocher process for sepaiaiing halogenation reaction producb is provided 
wherein the reaction products are combined with water and cooled to a suffid^^^ 
temperature to form a gas phase and top and bottom liquid phases. According to one 
embodiment, the gas phase contains primarily C-3 chJorofluorinatcd compounds having at 
5 least six fluorine atoms, the to? liquid phaseis primarily an aqueous liquid phase and the 
bottom liquid phase contains 0-3 cWotofluorinated compounds having leas than six 
fluorine atoms. 

An additional process according to this invention provides for separating C-3 
chlorofluorinaied compounds from a halogetration reaction product. One embodiment of 
this invention includes the adjustment of a halogenation reaction product to a sufficient 
temperature to separate the reaction product into three phases: an upper gas phase and top 
and boaom liquid phases, wherein the upper gas phase contains primarily HCl, the top 
liqiiid phase contains HF and the bottom liquid phase contains essentially aa'd'free C>3 
ehlorofluorinated compounds. . " 

15 In still another process of the present invention methods we provided for 

synthetically increasing the isomeric purity of a mixnire. According to one embodiment, 
an isomeric mixnire of C-3 ehlorofluorinated compound isomers is heated in the presence 
of a catalyst to a sufficient temperature to increase the isomeric purity. In a more sp^ific 
embodiment, the C-3 ehlorofluorinated compound isomers are CFC-2l7ba and CFG- 
20 217ca. ; 

In s«H another eiibodiment of the present invention a process is provided for 
selectively halogenating isomer within an isomeric mixture. In a particular embodiment, 
the isomeric mixture is exposed to Cfe in the presence of a catalyst at a sufficient 
temperature to halogenate at least one isomer. Preferably the isoiicric mixnire includes 
25 the isomers HFC-227ea and HFC-227ca. 

The above and other embodiments, aspects, alternatives and advantages of the 
present invention will become more apparent ftom d,e following detailed description of the 
present invention taken in conjunction with the drawings. 
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DESCRIPTION OF THE FIGURES 
Hgure 1 Is a schematic representation of one embodiment of the pirseni invention. 
Hgure 2 is a graphical representation of the Isothenns observed during the 
processes of the present invendon: 

5 ^SUfc 3 is a block diagrarti of an embodiment of the present invention. 

Figure 4 is a block diagram of an embodiment of the present invention. 
Figure 5 is a block diagran, of an embodimant of the present invendon. 
Figure 6 is a block diagram of an embodiment of the piwent invention. 
Figure 7 Is a graphical representation of catalyst Efe observed according to an 
10 embodinnent of the present la ventioa. 
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DESCaUPTION OF THE PREFERRED EKIBODIMENTS y 
RefwTing now to Fig. 1. in one embodiment this invention provides procises for 
the production of chlorofluotopropanes and fluoropropanes from aliphatic, olefinlc, or 
panially halogenated hydrocaibons having at least three carbon atoms. Other 

5 embodimentsof thisinventionprovldespecificpiocessesforhydrodehalogenation. as well 
as. isomer and leaction product purification. Selected embodiments of this invention wiU 
.be described In turn beginning with the broad chemical process steps tised to produce 
selected chlorofluorocarbons and fluorOcarbons. 

In pan, this invention stems firom the discovery that the majority of die isomer in 
the final chlorofluorocarbon or bydrofluorocarbon product originates as an undesired 
isoraerwhlchfonnsintheinidalreactions. This Isomer and Its downstream counterparts 
are passed to subsequent reactions undeigoing the same chemical transformation as the 
desired isomeric material. Fortunately. CFC-21(Sba and its downsTream.countBtpaits. have 
different reaction profiles allowing for their reduction with each subsequent step. Uhlike 
CFC-217ca and HFC.227ca, CFC.2I6ba is noj a "dead end" isomer. Am^'ority of this 
material is diiectJy convened to the desimd isomer CFC-217ba in subsequent steps 
peifdimed in accordance with the present invention. 

Without being confined to any theory, the foimaiion of the undesired isomer takes 
place in these early reactions.by the premature fluorination of the geminel C-2' carboo of 
aliphatic, olcfinie. or panially halogenated hydrocaibons having at least three carbon 
atoms. The production of CFC-2i6ba is but just one example o^ this type of chemistry. 

Referring now to Fig. 2. formation of excess amounts of CPC-216ba during 
.halogenation has been observed when the reaction is allowed to exothenn excessively. 
The large amounts of energy released during this exothsrm are probably the ultimate 
25 reason for 
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excess CFC.216ba isomer formation. When rh«e typ^ of coalitions. ailowedto 
sTis ratios as low a. 2:1 CFC-2l6aa.CFC-216ba can be observed b the^e early rea«ion 

One way to control this phenomenon «m be to carefully operate the initial 
o halogenations so as to avoid uncontrolled exotherms. The icactorused according to the 
present invention has the ability to use cool beat trtmsfer oil and includes convendor^al 
chero^cal and engineering controls to insure suppression of exotherms. Ih anotheraspect 
of Che present invention. HF can b. replaced as the main diluent for the reaction rTb-* 
f»>-;-»'<'--^cflowdiagramforapn>ce3saccordi„gtothepr^^ " 
.sr«ludes a two temperature 2one chJorofluorination of a 0-3 leactant selected ftom 
propane propylene, partially halogenated C-3 acyclic hydrocarbons, and mixtures thereof 

w-thhydrosenfluorideandchlorineintheprescnceofachloro/luorlnationcataly^^ The ' 
process is highly selective in the production of CFC-216aa, without the forn^ation of any 

"f^^^-^7^-^-^^^^2i«(<>tolessthan0.5percentbywei^t).lT,ehi^ . 
select,vuyoftheprocessofthepresenri„ventio„i„thes>.thes,-sof CFC.216aais very 
Mvantaseousforthesubsequentproductionof . HFC.227ea as discussed below " 
The present invention provides, in one aspect, two step processes for efficiently 
producm-CFC.2l6aa, The chemical stepscan include thesequentialrep^ 

atoms. ^I-lt'Pl-P-ductsmaybefonnedwithintcrmediatefluormat^d^^^^^ 
maj^ty. Careful rernperature control may miniznizeby-pn^duct formation. T>pical " 
r^ct,on prcxiucts may include C.3 molecules With 2 to 7 fluori^^ 

T"7 K "''''^ '""^^ " -^^^ - -desired 

««.puntics has also been observed. Accordingto one embodiment, the output of this 

reacrorcanhefeddirecdyintoasubse^uentreactoras^^^ 

h,gher te^perattue. Individual .actants may be fed under flow conrrol to vapoti3er<s) 

14.as sbowni„Kg.3. The vaporized chlonne and HP arc rmxed and fed into a 
superheater. It has been det^^^ 

Zar"" 7. ' " "^'^ ^-d tfthe 

f^on Of undedred by-products arising from cradcing the C-3 backbone 
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The piedominant reaction occurring in exemplary chlorofluorination Steps I and n 
• may be sununarized. » foUows. wifl, high-selectivity in che pioducdon of CFC.2l6aa: 

CHjCHiCH,. OlaCHsCMb and/or C3HyXt+HF+a,-^CFC.216aaxHGl 
(Xafialogen; y=0-«, 2=8-y: or y=0-6. z^y) 
5 . Accoitlfng to one aspect, the process includes a fix^t »tep, whenrin C-3 reactants 

selected from the group consisting of aliphatic, olefinic or partialiy halogenated 
hydrocarbons having at least three carbon atoms are contacted wich a, and HF in the ' 
P^sencc of a metal containing catalyst. Asillusttated inRg..3, Als«action ispxcferably 
performed in che gas phase by the cirefUI mixing of C.3 leactants with a mixture of 
1 0 hyd^gen fluoride (HF) and chlorine (Cl^ in the pmsenco of ametal concatning catalyst at 
a sufficient temperature to form pcriudogenated compoumls. 

m one embodiment of the present invention, the W rnacUnt is selected from the 

groupconsl.ungofaliphatic.olefinicand/orpartl.allyhalogenatedhydrocarbo«s The C3 
reactant may be premixed with hydrogen fluoride, and then mixed with chlorine before 
16 enrering chlorofluorinatfon reactor 16 containing a fixed bed of tnetal containing catalyst 
Ahphauc hydrocarbon, having at least three carbon atoms are known to those 
stalled in the an to be alkanes. hydrocarbons characterized by a st«ight or bached 
carbon chain. These types of compounds include propane. OlefJnic hydrocarbons havin- 
at least rhr.. carbon atom, are known to those having ordinary skill in tiie art to be " ' 
20 unsaturated aliphatic hydrocarbons having at least one double bond. These types o^ 
compounds include pmpene. Pardally halogenated hydrocarbons having at least three 
carbon atoms am known to those having ordinary skili in the art as aUphatic or olefinic 
hydrocarbons wbex«i„ one or more hydrogens have been replaced by halogens 

According to one embodiment of the present invention, the HF and 0-3 «actants 
^p«muedbef6rebeingcombinedwith d.e chlorine gas and conveyed Into a 
chlorofluorination reactor. It is preferred to premix (dilute) the C,3 mactant with the 
hydrogen fluoride reactantpriortocombining theHF/C.3 gasreaccants w.th the chlorine 

Sasieactantmorder to nanimizethepotcntial reaction Of theC-3r.act^^ 

ana/orpropylene with coricenirated chlorine M» a^, ^- i 

Oft 'inwnne gas. Accordingly, at least on© of the C-3 

>3U or the chlorine, preferably both the r -i™,^., . , •. 

K^^ws « ^ and chlorine, may be diluted with . 

hydrogen fluonde prior to combining the C-3 leactant with the chlorine gas. 
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In one embodimenc of.the present invention the HF is anhydrous. It has been 
derermined that recycled or reagent grade HF may used. The type of HF used to petfonn 
this aspect of the invenuon is not critical and specific types and qualities will be 
recognized by those skiUcd in the art. The CI, likewise is a matter of choice to those 
5 having skill in the an. In one embodiment, technical or pure-grade anhydrous is 
utilized, 

The halogenation of aliphatic, olefinlc, or partially haJogenated hydrocarbons 
having at least three carbon atoms is a highly exothermic reaction which may be controlled 
through the use of excess quantities of hydrogen fluoride, a diluent, or an external heat 

. 10 transfer medium together or in combination, to absorb the heat evolved and to maintain 
temperamie control of the mixture. 

To reduce the impact of exotherms. preferably, a stoichiometric excess of hydrogen 

fluoride may be maintained iTi Older to mininnze decomposition of the C-3 reactant to (>l 
and C-2 by-products, and the fonaation of the less desired CFC-216ba. Preferably, about 
15 6 to £kbout ^ moles of HF per mole of 0-3 teactant may be utilized. It is preferred'to 

provide an excels of chlorine gas as well, preiFerably about 8 to about 10 moles of Clj per 
mole of C-3 reactann However, an excess of Ch is not required. In a preferred 
embodiment, the ratio of to 03 reaccants can be about 8.2:1. The molar ratio of HF to 
Cl,maybefromabout0.7S:l toaboutSrl. ftefenibly. the molar ratio of HF to may be 
20 about 4:1. Moreover, in another embodiment, a dihient may be added to the reaction to 
decrease undesired isomer and formation of cracking materials. 

Preferably, the chlorofluoriaation reactor 16 used to perform this invention may be 

.maintainedatare8ctionprBssureofaboutOpsi§toaboui750psig.prcferablyabom 0 
psig to about 750 psig and at a temperature in the m.ge of about 150»C to about 450'C. 
and preferably about 220»C. Residence time in cWorofluorination teactor 16 may be in the 
range of about 0.5 secoods to about 30 seconds and preferably about 5 to about 10 seconds. 
An exemplary reaction mixture exiting Step I shown in Fig. 3 is rich In C3a4F4 and 
C,ClsF5. bur may also contain CFC-216aa and many oti^er under fluorinated compounds. 
In an exemplary aspect, reaction products of this first step aie conveyed directly to Step D, 
as shown in Kg. 4. However, it is recognized that the reaction products of Step I, as 
shown in Fig. 3. may be further purified or supplemented prior to continuing on to Step U. 
A main goal in Step H can be the selective fluoriaation of utider-fluorinated compounds to 
. the desired isomer CFC-2l6aa. 
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In the illustrated embodiment, the second Step in this process may cepJacfi a]| ©f the 
terminal chlorine substiiuents wiA fluorine to produce CFC-216aa. According to one 
aspect of the present Invention, this is accomplished tiirough the use of one or more of hi«»h 
tempsraure reaction conditions, excess HF, and a metal containing catalyst. 
6 As shown in Fig- 4, the Step I reaction stream is directly fed into a superheater 24. 

Optimally, this stream is then fed to Step H reactor 26. Again, as before in Step I, careful 
temperature regulation can be used to control the reaction. 

The second reacdon can take place either in the same reactor as exerapl ary Step I 
or. preferably, in a second reactor. The second reaction can be carried out at a higher 
1 0 temperature than the first reaction with a stoichiomeuic excess of hydrogen fluoride. 

According co one embodiment, a stoichiometric excess of chlorine can be used to ensure 
chlorofluorination of the first reacdon products. 

Reactor 26 can be a fixed-bed reactor having a metal concainirig catajyst. 
maintained at a reaction pressure of about 0 psig to about 750 psig and preferably about 
100 psig, and at a temperanae higher than ihe temperature required in exemplary Step J. 
Step n may occur at a temperature ranging from about 300=C to about 550=C, and 
preferably at about 470*C. It is preferred that the molar rado of reactants in Step U, should 
be maintained at about 6 to about 64 moles of hydrogen fluoride per mole of 
perhalogenaied compounds. As in Step I, the source and quaUiy of anhydrous HF used in . 
20 Sti!p n is not critical. It is to be understood by diose skilled h» the art that anhydrous. 

recycled, and/or differing grades of HF can be. used in Step U. As in Step I. a diluent may 
be added to control exotheims and increase isomeric yield. 

. The metal containing catalyst used in Step I or Step n can be any known catalyst 
useful for reacting C-3 reacunjts orpeihalogenated compounds with HF and/or Cli. 
Including those described in U.S. Patent Nos. 5.177^73 and 5.057.634 to Webster, hereby 
incorporated by reference. These catalysts include catalysts consisting essentially of 
chromium: catalysts consisting essentially of chromium oxide in combination widi a 
support (e.g. refractory oxide); catalysts consisUng essentiauy of chromium oxide modified 
with up to about 10 percent by weight based upon the weight of chromium in the catalyst 

of metal selected from the group consisting of manganese, iron, cobalt, nickel, copper, 
zinc, other metals and tnixtures thereof; and catalysts consisting essentially of chromium 
oxide in combination with the refractor^ oxide and modified with up to about 10 percent 
by weight based upon the 
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•under reaction conditions is considered an equivalent procedure within the scope of this 
invention. 

In this and the other reaction sequences, reaction with HF includes either high 
temperature vapor phase reaction or lower temperature reaction in the presence of a liquid 
5 pha^e catalyst such as SbCis/HF or SbFs: the vapor phase process is preferred. 

Two meUd containing catalysts that have been found to be particularly useful for 
the chlorofluorinacion reactions Include: 

(1) FeCI^ on a support, particularly active carbon, that is dried and then fluorinated/ 
e.g., with HF, prefeiably an HP/Niihixture, with or without O2, at about 200*C to about 
1 0 270*C and then trsaied with HF, with or without O2 or C^^ activation, within the range of 
about 270*C to about 320*'C. It is preferred that the percent by weight of FeOj in the 
metal containing catalyst be in the range of about 2% to about 36% by weight on a catalyst 
support, which is preferably activated carbon, preferably at about 3% to about 10% by 
weight FeCb^ It is useful to fluorinaie the meiaJ containing catalyse for a period of at least 
1 5 about 2 hours, preferably about 2 to about 16 hours, more preferably about 8 hoiirs, 

gradually increasing the temperature within the rage of from about 20O'*C to at least the 
chlorofluorinatjon reaction temperature, e.g,, up to about 320''C; and 

(2> CrCls, particularly chromium chloride hexaliydrate (Cras • 6I520) on a 
support, particularly active carbon, that is dried and then flnorinated, e.g., with hydrogen 
20 fluoride gas (HF), in the same manner as fluorinauon of the FeQj catalyst with or without 
O2 or CI2 activation. 

Non-limiting examples l» 2 and 3 demonstrate the preparation of catalysts suited 
for the present invention and non-limiting example 4 demonstrates the activation of ' 
catalyst suited for this invention, 
25 Generally, all fluorination catalyst can be prepared by mixing apprppri ate amounts 

of the selected metal salt and support (if necessary) in DI Water, This mixture may be 
allowed to stand for approximately 0.5 hour and the excess water can be filtered off by 
• vacuum filtration. The resulting solid may then be dried overnight in a gravity oven at 
1 1S**C: and then charged to the reaction tubes where it can be further dried at 150^C with a 
30 inert gas purge and then activated with HF before the jeaccion feeds are started. 
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Table 7, Halogenated Orgflnies Seoaratgd from HF According to the Present 



Halogenated Organics 



Lijghts 



C3CI2F6 



Heavies 



Percentage of Total Organics 



not detected 



0.05 



64J9 



11.82 



5,75 



3.65 



As this example demonstrates the organic phase, once separated according to an 
embodiment of the present inveniion, is essentially acid-free. This allows for the 
immediate isolation of specific chlorofluorination reaction products without the iieed for 
costly and inefficient distillation. Moreover^ Table 7 demonstrates that other halogenated 
organics can be separated fron) HF^ a'ccorditig to the piesent invention. These 
chlorofluorluation reaction products can be isolated acconJing to another process of the 
present invention as herein described next. . 

Another process according to the present invention is the separation of the C-3 
chlorofluorinated compounds having at least six fluorine atoms from C-3 chlorofluorinated 
compounds having less than six fluozine atotns. This separation process is extremely 
useful in order to maintain the compound purity of chlorofluorinated compounds sought to 
be produced. 

According to one embodiment of the present process, a solution comprising C-3 
chlorofluorinated compounds having at least six fluorine atoms ai^d C-3 chlorofluorinated 
compounds having less than six fluotinc atoms is provided. This solution is derived from a 
reaction product or a refined reaction product of a chlorofluorination reaction or die phase 
separation or distillation product after a chlorofluorinaLed reaction. In one embodiment of 
the present invention the C-3 chlorofluorinated compounds having at least six fluorine 
atoms' comprises CFC-216aa- However, this invention is not limited to the source of this 
mixture. 
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chlorofluorinated compounds having ai )east six fluorine atoms are conveyed to an 
additional reaction step to increase the number of fluorine atoims present. 
Example IQ: Sfaaranon of Fluorinat ed Compounds' 

The containers of crude C3a2F6 from various production runs of Steps I and n 
contained C3CI3F6 and numerous other unidentifi^sd underfluorinated compounds, and 
possible small amounts of HbOt HF, CI2, and HQ. 

Approximately 73 kg of crude C3C12F6 were fed ftom a heated cylinder to a 57 liter 
Haiar® lined scrubber tank. The scrubber tank contained a level gauge and an external heat 
tracing ^ich a skin temperature thermocouple. The feed Jine into the tank was through a 
dip tube. 

The tank was fnidally filled with a 5% KOH/water solution and the temperature of 
the tank was heated to 50"C. The mixture separated into three phases: an upper, primarily 
gaseous phase; a top liquid, primarily aqueous, phase; and a bottom primarily organic 
phase. The top gas phase was removed as a vapor stieam.and fed to aHalar® lined 
scrubber. The vent gas was open to a molecular sieve dryer bed which fed into a fchiUed 
collection cjiinder on a scale. Upon comptedon of the scrubbing of the C^Cl^^, the 
underfluorinated organics collected from the bottom phase was approximately 9.1 kg of 
material. The primary components of this organic liquid were C3Cl4E», and C3CI3F5 and 



Seoarated Phase 


Consdtutents 


Vapor 


Essentially pure C^CWFa 


Bottom 


-6% CjCliFfl and 
-94% underfluorinated comoounds 



As table 8 demonstrates, underfluorinated compounds can be efBciently separated 
from C3Cl2F^ according to the present invention. 

As shown in Fig. 5, the present invention provides a third reaction step (Step IE) 
for the selective fluorination of to CFC^2J7ba. The predominant reaction 

occurring in this step is as foIlowsrCjCbFs + HF CF3-CFCI-CF3 + HCl 

Preferably, Step HI proceeds in the gas phase with excess anhyc&ous HF over a 
metal containing catalyst. According to one embodiment of the present invendon. 



Replacement sheet 28, Under Article 34 



copfanssisii S.feb. 0^04 

AMENDED SH^ET^^ • 

PAffiTwl^RCVDATIOeiflm 



OCT-21-2004 14:52 WELLS ST JOHN PS . 5098383424 ^^^^^ 



wo 03/029173 PCT/US0»S0729 
hydrodehalo^enanon reaction producis include HFC-227ea. A leactfon of this 
embodiment is shown below: 

C3CIF1 + Hi — HFC-227ea + HCl 
A slight molar excess of H2 cail be used if desirable but is not necessary. The 
5 H^^halogenated organic compound molar ratio is in the range of about 0.2: 1 to about 10:1, 
optimally about 1.2:1. 

Referring now to Fig. 6, the hydrodehalogenadon is performed in iixed bed reactor 
42 containing a suitable catalyst, such as palladium on a re^accory oxide support, such as 
alumina or other suitable supports, in which case the reactor is operated at a- tempexacure of 
1 0 about SO^'C to about 27S^C and preferably ac about 185°C. Alternatively^ a ferric chloride 
(FeCla) catalyst on a solid support, such as active carbon can be used in which case the 
reactor Is operated at a temperature of about 200^C to about 600°C, and preferably at about 
450°C to about 500**C 

The pressure In reactor 42 should be in the range of about 12 Pa to about 15 Pa, 
1 5 and preferably about 7.9 Pa. The reaction is largely insensitive to pressure in the range of 
0.9 - 7,9 Pa, however, re4ction selectivity is slighdy favored by lower pressures, 
Residence time in reactor 42 should be in the range of about 10 seconds to about 90 
seconds, and preferably about 15 to about 60 seconds. 

While any hydrodehalogenation catalyst could be used, the mosc active catalysts, 
20 such as Pt and Pd, axe good selections because, in addition to che desired products, they 
lead to the addition of hydrogen across any double bond present or to the substitution of 
hydrogen for chlorine. Catalysts which may be utilized include, as charged to the reactor, 
common hydrogenatjon catalysts such as Cu, Cr, Ru, Rh or combinations thereof. It is 
not critical whether the catalysts are supported or not. However, supports which are 
25 unreacti ve to halocaibons, HF, and oxygen at hydrogenation temperatures up to lOO^C 
higher such as metal fluorides, carbon, and dtanium, may be used- 
Referring now to Kg. 7, the high cost of noble metals led to concerns regarding 
catalyst lifeiime. Initial testing- demonscrated that the catalyst is somewhat fragile wdth 
activity dropping off wiihin 5 days. Fortunately, it has been discovered that the addition of 
30 a small amount of water to the reaction stream extended catalyst lifetime. The addition of 
water allows the catalyst to perfcKm in excess, of 15 days. 



Replacement sheet 37, Under Anicle 34 
AMENDEpSHE^r 

PAa25l32*RCVDAT10ail20fl45:28:01 PM pastern Oayipm^^ 



OCT-21-2004 14:52 WELLS ST JOHN PS 5098383424 



WO 03/029173 PCT/US0a/3O72» 
As Table 21 demonstrates, the present invention can be used to even further reduce the 
content of the undesired isomer. It is concemplaccd that once reduced the more 
isomerically pure reaction product can be recycled or further refined. 
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Whai is claimed is: 

1 . A process for producing CF3CC12CF3 comprising; 

contacting a C-3 reactant comprising one or more of perhydrogenated or 
partially halogenated C-3 hydrocartons with Cla and HF in the presence of a first catalyst 
5 ac a first temperature to form a C-3 product comprising a C-3 peihalogenated compound, 
wherein the fust catalyst comprises chmmlum and the first temperature is less than d$O^C; 
and 

contacting the C-3 product with HFin the presence of a second catalyst at a 
second temperamre different from the first tempcramre to form .CFjCCbCFs, wherein the 
1 0 second temperature Is greater than 300''C. 

2- The process of claim 1 further comprising contacting the CFaCCl2CF3With 
HF in the presence of a third catalyst to forni O^CCIFCFj. 

3. The ptoccss of claim 2 further cpxx^sing contacting the CFjCCiFCFa with 
H2 in tha presence of a fourth catalyst to produce CFaCEHCFs. 
"^5 4- The process of claim 3 further comprising, during the contacting of the 

CFaCCJFCFj with H^, contacting the fourth catalyst with water- 
s' The process of claims 1, 2, 3. or 4 wherein the first temperature is from 
150*C to less thaa.450*'C and the second temperature is less than 5S0*C. 

6. The process of claims 1, 2, 3, or 4 wherein the first temperaiurs is at least 
20 220^0 and the seoov^d tsmperatUTe is at least 470''C. 

7. The process of claims 1. 2, 3, or 4 wherein, during the contacting of the C-3 
reactant with the HF and the CIi* a molar ratio of the HF to the CI2 is from 0.75:1 to 8; L 

8. The process of claims 1, 2» 3. or 4 wherein, during the contacting of the C-3 
reactant with the HF and the CI2, a molar ratio of the HF 10 the CI2 is at least 4: 1. 

25 9. The process of claims 1. 2. 3, or4 wherein, during the conucnng of the C-3 

reactant with the HF and the CI2. a molar ratio of the CI2 to the CO reactant is &om 8:1 to 
10:1. 

10. The process of daims 1, 2, 3, or 4 wherein the second catalyst comprises 
chromium and a catalyst support. 

i ^ • process of claina 2, 3, or 4 wherein the contacting the CFjCChGFswith 

HF in the presence of a third catalyst occurs at a temperature of at least 200'C. 
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12. The process of claims 2, 3 or 4 wherdn, during the contacting of the C-3 
product with the HF. a molar ratio of the HF to the C-3 product is at Jeast 30: J., 

13. The process of claims- 2, 3, or 4 where during the contacting of ihe 
CPsCChCF^ with the HF» a molar ratio of the HF to the CFaCCUCFs is at least 10:1. 

5 14. The process of claims 2, 3, or 4 wherein the third catalyst comprises 

chromium and a catalyst support 

1 5- The process of claim 3 or 4 wherein the contacting the CFaCCiFCI^ with Ifc 
in the presence of a fouith catalyst occurs at a tfimper^ture of at least 30^C. 

16. The propess of claims 3 or 4 wherein, during the contacting of the 
1 0 CF3CCIFCF3 with the Hfe, a molar ratio of the Hz to the CFjCClFCFa is at least 1,2:1. 

i 7. The process of claim 3 or 4 wherein the fourth catalyst comprises palladium 
and a catalyst support 

1 8. The process of claim 4 wherein the water is present in an amount from 0.04 
to 12 percent by wei^t of the CF3CCIFCT3. 
15 19. The process of claim 20 wherein the amount is 0.8 percent by .weight of the 

CF3CCIFCF5. 

20, A hydrogenation process comprising contacting a compound with a catalyst 
in the presence of water to form a hydrogenated coxxxpound. 

21- The process of claim 22 wherein the conf acting fiirther comprises 
20 contacting the compound with H2« 

22. The process of claim 20 wherein a ratio of the Hi to the compound is from 
0.2; 1 to 10:1. 

23. The process of claims 22 or 23 wherein a ratio of the H2 to the compound is 

ac least about 1.2:1. 

25 24, The process of claims 22 or 23 wherein the water is from about 0,04 to 

about 12 percent by weight of the compound. 

25. The process of claims 22 or 23 wherein the water is at least about 0.8 ■ 
percent by weight of the compound. 

26. The process of claims 22 or 23 wherein the catalyst contains a meial. 

30 27. The process of cleims 22 or 23 wherein the catalyst comprises palladium 

and a catalyst support 

28. The process of claims 22 or 23 wherein the compound comprises C3F7CI 
arid the hydrogenated compound comprises C3F7H, 
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• 29. A procesa for purifying CTjCFHCFs comprising distilling a nrixtuic 
comprising CFsCFHCFj, CF3CP1CF2H, and at least one chlorofluorocarbon to fonn & 
soluiion comprising CF3CFHCF3. 

30« The process of daim 31 whefein the at least one chloroflDDrocarbon 
5 comprises C3CIF7. 

31. The process oF claim 32 wheiein the mixcuie comprises a mole ratio of the 
chlorofluorocarbon to the CFaCFHCFs of from about 0.1 to about ID. 

32. The process of claim 33 ^vh6rein the mixture comprises a mole ratio of the 
chlorofluorocarbon to the CTjCa^HCI^ of at least about 1 :2. 

10 33. A process for purifying chlorofluorinaced compounds comprising: 

providing a reaction product comprising HCl. HF, and a C-3 chlorofluorinazed 
compound; 

phase separating the reaction product into a gas phase comprising the HCl, a top 
liquid ph^e comprising the HF, and a bottom liquid phase comprising the C-3 
1 5 chlorofluorinated compound; and 

removing the bottom liquid phase to fomi a solution comprising the C«3 
chlorofluorinated compound 

34. The process of claim 35 wherein the C-3 chlorofluorinated compound 
comprises C3F7CI- 

20 35- The process of claim 36 wherein the phase separating comprises altering the 

reaction product temperature to a temperature of from about 20'C to aboui 75*C, 

36. The process of claim 37 wherein the temperamre is about 25^C* 

37. A process for purifying reaction products comprising: 

providing a reaction product comprising HF and at least one C-3 
25 chlorofluorinated compound; 

phase separating the reaction product into a top liquid phato comprising HF 
. and a bottom liquid phase comprising the at least one C-3 chlorofluorinated compound^ 
and 

physically separating the top &xid bottom phases to fom a solution 
30 comprising the at least one C-3 chlorofluorinated compound, 

38. The process of cl^m 39 wherein the C-3 chloiofluorinated compound 
comprises a C-3 ch1orof}u6rina^d compound having at least si^ fluorine atoms. 
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39. The process of claim 40 wherein the phase separating coiiq>a5es altorins the 
leaction product temperature to a temperature of from about -30*C to about -10*C 

40. The process of claim 41 wherein ihe temperature is about -20*C. 

41. A process for separacing chiorofluorinated compounds comprising: 
5 providing a first solution comprising both first and second C-3 

chlorofliiorinated compounds, che.nrsc compound having at least $U fluorine atoms and the 

second compound having less than six fluorine atoms; 

preparing a mixmre comprising ±e first solution and water, 
phase separating the mixture into ac least three phases; a gas phase 
10 comprising the first compound, an upper liquid jphase comprising the water, and a lower 

liquid phase comprising the second compound; and 

removing the gas phase from the upper and lower liquid phases to form a 

second solution comprising the first compound. 

42. The process of claim 43 wherein the mixtxirc further comprises a basic 
15 compound. 

43. . The process of ci^ms 43 or 44 wherein the basic compound comprises 

KOH. 

44. The process of claims 43 or 44 wherein the first compound comprises 
C^FsCh and the second compound comprises C^^Ql^. 

20 45. The process of claims 43 or 44 wherein the first compound comprises 

CaFfiCla, and the second compound comprises C^5Cl3 the phase separating comprises 
altering the first solution reaction temperature to a. tempecature of from about 2S^C to 
aSout75"a 

46. The process of claims 43 or 44 wherein the first compound comprises 
25 C^FgClz and the second compound comprises C3F5CI3 the phase separating comprises 

altering the first solution reaction temperature to a cemperatuie of about SO^C. 

47. A process for purifying chlorofluorina^d comj^ounds comprising: 
providing a fmt mixture comprising both first and second isomers of a C-3 

cblorofluorinated compound, the first mixture having a first ratio of the first isomer to the 
30 second isomer; and 

contacting the mixture with a catalyst to form a second mixture comprising a 
second ratio of the first Isomer to the second isomer, wherein the first ratio is less than the 
second ratio. 
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48 . The process of claim 49 wherein the contacting further comprises heating 
the mixture to a temperature of from about 250**C to about 350*C. 

49. • The process of claim 49 wherein wherein the contacting fiircher comprises 
heating the mixture to a temperature of about 280'*C 

5 50. The process of claim 49 further comprising separating at least a portion of 

the first isomer firom the second mixture wherein the separating comprises discilUng the 
second mixturp to form a solution comprising the portion of the first Isomer, 

51. The process of claims 49, 50, 51 or 52 wherein the C-3 chlorofluorinatcd 
compound comprises CsF^Ch, the first isomer conqirises CFjCClzCFs. and the second - 

1 0 isomer comprises CF3CCIFCF2CI 

52. The process of claims 49, 50, 51 or 52 wherein the C-3 chloroQuorinaied 
compound-comprises C^FtCI* the first isomer comprises CF3CCIFCF3, and the second 
isomer comprises CF3CF2CF2CL 

53. The process of claims 49, 50; 5 i or 52 wherein the catalyst comprises 
1 5 chromium. 

54. A process for halogenating compounds comprising: 
providing a first mixtura comprising both Exrst and second isomers of a 

hydrofluorinated compound, the first mixture havmg a first ratio of the first isomer to the 
second isomer; and 

20 contacting the mixture with a halogenating agent to fomi a second mixture having a 

second ratio of the iir^t isomer to the second isomer* the first ratio being less than the 
second ratio. 

55. The process of claim 56 further comprising separating at least a portion of 
the first isomer from the second mixmre wherein the separating comprises distilling the 

25 second mixture co form a solution comprising the portion of the first isomer. 

56- The process of claim 56 further comprising contacting the mixture with the 
halogenating agent in the presence of a catalysL 

57, The process of claims 56» 57 or S8 wherein the hydiofiuoiinated compound 
comprises the first isomer comprises CF3CFHCF3. and tiie second i somer 

30 comprises CF3CF2CF2H- 

58. The process of claims 56, 57, or 58 wherein the contacting comprises 
•heating the mixture co a temperature of from about 200^C 10 about 350^C. 
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59. The process of claims 56, 57, or 58 whexein che cont^ting comprises 
heatins clie mixture to a temperature of ai lea^i about 300^C. 

60. The process of claims 56, 57. or Si wherein the haJogenating agent 
comprises CI2. 

S 61. The process of claims 56, 57, or 58 wherein the balogenacing agent 

comprises CI2 and a molar ratio of che Ch to the mixture is from about 0.16:1 to about 3;1. 

62. The process of claims 56, 57, or 58 wherein the halogenatiiig agent 
comprises CI2 and a molar ratio of the CI2 to the mixture Is at least about 2.5:1. 

63. The process of claims 57 or 58 wheran the catalyst comprises activated 

10 carbon. 
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